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An ultraviolet laser device, includes: a first laser light output
unit outputs a first infrared laser light; a second laser light
output unit outputs a second infrared laser light; a first wave-
length conversion optical system generates a first ultraviolet
laser light of a fifth harmonic of the first infrared laser light;
and a second wavelength conversion optical system to which
the first ultraviolet laser light and the second infrared laser
light enter, wherein the second wavelength conversion optical
system includes a first wavelength conversion optical element
which generates a second ultraviolet laser light by sum fre-
quency generation of the first ultraviolet laser light and the
second infrared laser light, and a second wavelength conver-
sion optical element which generates a deep ultraviolet laser
light by sum frequency generation of the second ultraviolet
laser light and the second infrared laser light.
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ULTRAVIOLET LASER DEVICE, AND
EXPOSURE DEVICE AND INSPECTION
DEVICE PROVIDED WITH ULTRAVIOLET
LASER DEVICE

TECHNICAL FIELD

The present invention relates to an ultraviolet laser device
comprising a laser light output unit that outputs a laser light of
infrared wavelength and a wavelength conversion optical sys-
tem that converts an infrared laser light output from the laser
light output unit to an ultraviolet laser light, and outputting a
deep ultraviolet laser light with a wavelength of 200 nm or
less.

BACKGROUND ART

A deep ultraviolet laser light with a wavelength of 200 nm
or less is known to be applied to exposure devices, inspection
devices, therapy devices, and so on. A variety of configura-
tions of an ultraviolet laser device for use in these devices
have been proposed. For example, an ultraviolet laser device,
in which, a seed light of an infrared wavelength emitted from
a laser light source is amplified by an erbium doped fiber
amplifier (EDFA), then the amplified infrared laser light is
sequentially wavelength-converted through a plurality of
wavelength conversion elements, for outputting a deep ultra-
violet laser light with a wavelength of 200 nm or less, is
known (refer to Patent Document #1 and Patent document
#2). An ultraviolet laser device with this kind of configuration
is an easily handled, small-scale, and all-solid ultraviolet
laser device.

CITATION LIST
Patent Literature

Patent Document #1: Japanese Laid-Open Patent Publication
No. 2004-86193;

Patent Document #2: Japanese Laid-Open Patent Publication
No. 2010-93210;

SUMMARY OF THE INVENTION
Technical Problem

However, the proposed ultraviolet laser device has a com-
plex configuration. The present invention provides an ultra-
violet laser device with a novel and simple configuration,
which is able to output a deep ultraviolet laser light with a
wavelength of 200 nm or less. Further, the present invention
provides an exposure device, an inspection device, and the
like, comprising the ultraviolet laser device of the novel con-
figuration.

Solution to Problems

According to the first aspect of the present invention, an
ultraviolet laser device, comprises: a first laser light output
unit that outputs a first infrared laser light with a wavelength
within a wavelength band of 1520 to 1580 nm; a second laser
light output unit that outputs a second infrared laser light with
a wavelength within a wavelength band of 1020 to 1100 nm;
a first wavelength conversion optical system that includes a
plurality of wavelength conversion optical elements and gen-
erates a first ultraviolet laser light which is a fifth harmonic of
the first infrared laser light by sequentially wavelength con-
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2

verting, by the plurality of wavelength conversion optical
elements, the first infrared laser light output from the first
laser light output unit; and a second wavelength conversion
optical system to which the first ultraviolet laser light gener-
ated by the first wavelength conversion optical system and the
second infrared laser light output from the second laser light
output unit enter, wherein the second wavelength conversion
optical system comprises a first wavelength conversion opti-
cal element that generates a second ultraviolet laser light by
sum frequency generation of the first ultraviolet laser light
and the second infrared laser light, and a second wavelength
conversion optical element that generates a deep ultraviolet
laser light with a wavelength equal to or less than 200 nm by
sum frequency generation of the second ultraviolet laser light
and the second infrared laser light.

According to the second aspect of the present invention, in
the ultraviolet laser device according to the first aspect, it is
preferred that the second infrared laser light output from the
second laser light output unit includes a first polarization
component and a second polarization component wherein the
plane of polarization of the first polarization component and
the plane of polarization of the second polarization compo-
nent are mutually orthogonal; the first wavelength conversion
optical element generates the second ultraviolet laser light by
sum frequency generation of the first ultraviolet laser light
and the first polarization component of the second infrared
laser light; and the second wavelength conversion optical
element generates the deep ultraviolet laser light by sum
frequency generation of the second ultraviolet laser light and
the second polarization component of the second infrared
laser light.

According to the third aspect of the present invention, in
the ultraviolet laser device according to the first or second
aspect, it is preferred that the first wavelength conversion
optical element is an ADP crystal.

According to the fourth aspect of the present invention, in
the ultraviolet laser device according to any one of the first
through third aspects, it is preferred that phase matching at the
first wavelength conversion element is non-critical phase
matching.

According to the fifth aspect of the present invention, in the
ultraviolet laser device according to any one of the first
through fourth aspects, it is preferred that the second wave-
length conversion optical element is a CLBO crystal.

According to the sixth aspect of the present invention, in
the ultraviolet laser device according to any one of the first
through fifth aspects, it is preferred that phase matching at the
second wavelength conversion optical element is non-critical
phase matching.

According to the seventh aspect of the present invention, in
the ultraviolet laser device according to any one of the first
through sixth aspects, it is preferred that the first laser light
output unit comprises an erbium doped fiber amplifier.

According to the eighth aspect of the present invention, in
the ultraviolet laser device according to any one of the first
through seventh aspects, it is preferred that the second laser
light output unit comprises an ytterbium doped fiber ampli-
fier.

According to the ninth aspect of the present invention, in
the ultraviolet laser device according to any one of the second
through eighth aspects, it is preferred that the second laser
light output unit further comprises a laser light source that
emits a seed light with a wavelength within a wavelength
band of 1020 to 1100 nm and a fiber amplifier that amplifies
the seed light emitted from the laser light source; and a light
emitted from the fiber amplifier becomes the second infrared
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laser light including the first polarization component and the
second polarization component, and then is output from the
second laser light output unit.

According to the tenth aspect of the present invention, in
the ultraviolet laser device according to any one of the second
through eighth aspects, it is preferred that the second laser
light output unit further comprises a laser light source that
emits a seed light with a wavelength within a wavelength
band of 1020 to 1100 nm, a first fiber amplifier that amplifies
the seed light emitted from the laser light source, and a second
fiber amplifier that amplifies the seed light emitted from the
laser light source; and a light emitted from the first fiber
amplifier becomes the second infrared laser light including
the first polarization component and is output from the second
laser light output unit; and a light emitted from the second
fiber amplifier becomes the second infrared laser light includ-
ing the second polarization component and is output from the
second laser light output unit.

According to the eleventh aspect of the present invention,
in the ultraviolet laser device according to any one of the
second through eighth aspects, it is preferred that the second
laser light output unit further comprises a first laser light
source that emits a first seed light with a wavelength within a
wavelength band of 1020 to 1100 nm, a first fiber amplifier
that amplifies the first seed light emitted from the first laser
source, a second laser source that emits a second seed light
with a wavelength within a wavelength band of 1020 to 1100
nm, and a second fiber amplifier that amplifies the second
seed light emitted from the second laser source; a light emit-
ted from the first fiber amplifier becomes the second infrared
laser light including the first polarization component and is
output from the second laser light output unit; and a light
emitted from the second fiber amplifier becomes the second
infrared laser light including the second polarization compo-
nent and is output from the second laser light output unit.

According to the twelfth aspect of the present invention, an
exposure device comprises: the ultraviolet laser device
according to any one of the first through eleventh aspects; a
photomask supporting unit that holds a photomask on which
a predetermined exposure pattern is formed; an exposure
object supporting unit that holds an exposure object; an illu-
mination optical system that illuminates the photomask held
by the photomask supporting unit with a deep ultraviolet laser
light output from the ultraviolet laser device; and a projection
optical system that projects a light transmitted through the
photomask to the exposure object held by the exposure object
supporting unit.

According to the thirteenth aspect of the present invention,
an inspection device comprises: the ultraviolet laser device
according to any one of the first through eleventh aspects; an
object supporting unit that holds an object to be inspected; an
illumination optical system that illuminates the object held by
the object supporting unit with a deep ultraviolet laser light
output from the ultraviolet laser device; and a projection
optical system that projects a light from the object to a detec-
tor.

Advantageous Effect of the Invention

According to the ultraviolet laser device of the present
invention, an ultraviolet laser device of a novel configuration,
which is able to output a deep ultraviolet laser light with a
wavelength of 200 nm or less, can be provided.

According to the exposure device of the present invention,
an exposure device comprising an ultraviolet laser device of a
novel configuration can be provided. Also, according to the
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4

inspection device of the present invention, an inspection
device comprising an ultraviolet laser device of a novel con-
figuration can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is ablock diagram of an ultraviolet laser device in an
embodiment of the present invention.

FIG. 2 is a schematic configuration diagram of an ultravio-
let laser device of a first configuration example.

FIG. 3 is a schematic configuration diagram of an ultravio-
let laser device of a second configuration example.

FIG. 4 is a schematic configuration diagram of an ultravio-
let laser device of a third configuration example.

FIG. 5 is a schematic configuration of an exposure device
exemplified as an aspect of the present invention.

FIG. 6 is a schematic configuration of an inspection device
exemplified as an aspect of the present invention.

DESCRIPTION OF EMBODIMENTS

The following is a description of the present invention
given in reference to drawings. FIG. 1 illustrates a block
diagram of an ultraviolet laser device LS (LS1~LS3) exem-
plified as an embodiment of the present invention. The ultra-
violet laser device LS comprises laser light output units 1 that
outputs infrared laser lights La (Lal, La2), a wavelength
conversion unit 3, comprising a plurality of wavelength con-
version optical elements, that outputs deep ultraviolet laser
light Lo by applying wavelength conversion to the infrared
laser light La output from the laser light output unit 1, a
control unit 8 that controls an operation of the laser light
output unit 1 and the wavelength conversion unit 3, and so on.

A laser light output unit 1 comprises a first laser light
output unit 1a that outputs a first infrared laser light Lal with
awavelength range of 1520~4580 nm and a second laser light
output unit 15 that outputs a second infrared laser light L.a2
with a wavelength range of 1020~1100 nm. The specific
wavelengths ofthe first infrared laser light L.al and the second
infrared laser light L.a2 can be set in accordance with the
wavelength of the deep ultraviolet laser light Lo output from
the ultraviolet laser device LS and the configuration of the
wavelength conversion unit 3.

A wavelength conversion unit 3 is provided with a wave-
length conversion optical system 30, which comprises a plu-
rality of wavelength conversion optical elements, condenser
lenses, mirrors, and so on. The wavelength conversion optical
system 30 comprises a first wavelength conversion optical
system 30a to which the first infrared laser light Lal output
from the first laser light output unit 1a enters, and a second
wavelength conversion optical system 3056 to which the sec-
ond infrared laser light La2 output from the second laser light
output unit 15 and an output light from the first wavelength
conversion optical system 30a both enter.

The first wavelength conversion optical system 30a is pro-
vided with three wavelength conversion optical elements 31,
32 and 33. The first infrared laser light Lal output from the
first laser light output unit 1a is sequentially wavelength-
converted during transmitting through these wavelength con-
version optical elements 31, 32 and 33, then a first ultraviolet
laser light L.vl which is the fifth harmonic of the first infrared
laser light Lal is generated.

The second wavelength conversion optical system 305 is
provided with two wavelength conversion optical elements
35 and 36. At the wavelength conversion optical element 35,
a second ultraviolet laser light Iv2 is generated by sum fre-
quency generation of the first ultraviolet laser light Lv1 out-
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put from the first wavelength conversion optical system 30a
and the second infrared laser light L.a2 output from the second
laser light output unit 15. At the wavelength conversion opti-
cal elements 36, by sum frequency generation of the second
ultraviolet laser light Lv2 generated at the wavelength con-
version optical element 35 and the second infrared laser light
La2 transmitted through the wavelength conversion optical
element 35, adeep ultraviolet laser light Lo with a wavelength
01200 nm or less is generated and output from the ultraviolet
laser device LS. In the ultraviolet laser device LS constituted
as outlined above, a deep ultraviolet laser light can be output
with a simple configuration involving a single superposition
of laser lights.

In the following, specific configuration examples are
described with reference to FIGS. 2-4 respectively illustrat-
ing a schematic configuration of the ultraviolet laser devices
LS1-LS3, respectively corresponding to a first through a third
configuration examples. In the figures, in order to describe the
polarization states of lights which enter into each of the wave-
length conversion optical elements, a light with its polariza-
tion plane parallel to the page, so called p-polarization, is
shown by an arrow in vertical direction, and light with its
polarization plane perpendicular to the page, so called s-po-
larization, is shown by a round mark with a dot in the center.
Also, in each figure, an ellipse on the optical path indicates a
collimator lens, condenser lens, or the like, of which indi-
vidual explanation is omitted.

In the ultraviolet laser device LS1 as a first configuration
example shown in FIG. 2, the first laser light output unit 1a is
provided with a first laser light source 11 that emits a seed
light with a wavelength of 1550 nm and a first fiber amplifier
21 that amplifies the seed light output from the first laser light
source 11. Also, the second laser light output unit 15 is pro-
vided with a second laser light source 12 that emits a seed
light with a wavelength of 1065 nm and a second fiber ampli-
fier 22 that amplifies the seed light output from the second
laser light source 12.

As the first laser light source 11, DFB (Distributed Feed-
back) semiconductor laser with oscillation wavelength
around 1550 nm, and as the second laser light source 12, DFB
semiconductor laser with oscillation wavelength around 1065
nm, can suitably be used, respectively. A DFB semiconductor
laser, under temperature controlling by a temperature control-
ler using Peltier device or the like, can narrow the bandwidth
of the oscillation wavelength, so as to generate a single-
wavelength seed light. Also, a DFB semiconductor laser, by
controlling a waveform of the excitation current, can perform
a CW oscillation or a pulse oscillation at an arbitrary inten-
sity.

It is also possible to set up an external modulator such as
EOM (Electro Optic Modulator) between an output port of
the DFB semiconductor laser of the first laser source 11 and
the first fiber amplifier 21, for cutting out the output light from
the DFB semiconductor laser, in a CW oscillation or a pulse
oscillation, by the external modulator so as to output a seed
light of required pulse waveform towards the first fiber ampli-
fier 21. The configuration mentioned above can also be
applied for the second laser light source 12.

As the first fiber amplifier 21, an erbium doped fiber ampli-
fier (EDFA), in which erbium (Er) is doped in the core of the
amplifying optical fiber can suitably be used. An erbium
doped fiber amplifier has a gain in a 1500~1600 nm wave-
length band. As a result, a seed light with a wavelength of
1520~1580 nm can be efficiently amplified, and a high-power
first infrared laser light can be output.

In the present configuration example, the seed light with a
wavelength of 1550 nm emitted from the first laser light
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source 11 is amplified by the first fiber amplifier 21, then the
amplified first infrared laser light Lal is output from the first
laser light output unit 1a. The first infrared laser light Lal,
with a wavelength of 1550 nm, output from the first laser light
output unit 1a, enter the first wavelength conversion optical
system 30a of the wavelength conversion unit 3.

As the second fiber amplifier 22, an ytterbium doped fiber
amplifier (YDFA), in which ytterbium (Yb) is doped in the
core of the amplifying optical fiber, can suitably be used. An
ytterbium doped fiber amplifier has a gainin a 1000~1120 nm
wavelength band. As a result, a seed light with a wavelength
of 1020~4100 nm can be efficiently amplified, and a high-
power second infrared laser light can be output.

In the present configuration example, the seed light with a
wavelength of 1065 nm emitted from the second laser light
source 12 is amplified by the second fiber amplifier 22, then
the amplified second infrared laser light a2 is output from
the second laser light output unit 15. The second infrared laser
light La2, with a wavelength of 1065 nm, output from the
second laser light output unit 15, enter a dichroic mirror 41 by
way of a mirror 42.

In the above description, a configuration is exemplified in
which the first laser light output unit 1a is provided with the
first laser light source 11 and the first fiber amplifier 21, while
the second laser light output unit 15 is provided with the
second laser light source 12 and the second fiber amplifier 22.
However, each laser light output unit, at least one of them,
may be provided with a fiber laser in which resonators are
embedded in the incident end and the exiting end of a fiber
amplifier (an Er fiber laser or aYb fiber laser is suitable for the
fiber laser).

The first wavelength conversion optical system 30a to
which the first infrared laser light Lal output from the first
laser light output unit 1a enters mainly comprises three wave-
length conversion optical elements 31, 32 and 33. In the first
wavelength conversion optical system 30a, after entering to
which, the first infrared laser light Lal is sequentially wave-
length-converted during transmitting through the wavelength
conversion optical elements 31, 32 and 33, and then the first
ultraviolet laser light Lvl, corresponding to the fifth har-
monic of the first infrared laser light Lal, is generated.

The wavelength conversion optical element 31 is, a non-
linear optical crystal that generates a second harmonic of the
first infrared laser light Lal by second harmonic generation
(SHG). After entering the wavelength conversion optical ele-
ment 31, the p-polarized first infrared laser light [.al with a
wavelength of 1550 nm is wavelength-converted during
transmitting through the wavelength conversion optical ele-
ments 31, and then a p-polarized laser light with a wavelength
ot 775 nm (hereafter referred to as 775 nm light) is generated.
A PPLN (Periodically Poled LiNbO,) crystal can suitably be
used as the wavelength conversion optical element 31.

Quasi phase matching (QPM) crystals such as PPLT (Peri-
odically Poled LiTaO;) crystal and PPKTP (Periodically
Poled KTiOPO,) crystal may be used as well. Also, LBO
(LiB;Oy) crystal may be used. The p-polarized 775 nm light
generated in the wavelength conversion optical element 31
and the p-polarized first infrared laser light Lal transmitted
through the wavelength conversion optical element 31 enter
the wavelength conversion optical element 32.

The wavelength conversion optical element 32 is a non-
linear optical crystal that generates a sum frequency light of
the first infrared laser light Lal and the 775 nm light by sum
frequency generation (SFG). After entering the optical ele-
ment 32, the p-polarized first infrared laser light L.al and the
p-polarized 775 nm light are wavelength-converted during
transmitting through the wavelength conversion optical ele-
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ment 32, and then an s-polarized laser light with a wavelength
of 516.7 nm (hereafter referred to as 517 nm light), corre-
sponding to a third harmonic of the first infrared laser light, is
generated. An LBO crystal can suitably be used as the wave-
length conversion element 32. The s-polarized 517 nm light
generated in the wavelength conversion optical element 32
and the p-polarized 775 nm light transmitted through the
wavelength conversion optical element 32, enter the wave-
length conversion optical element 33 as s-polarized lights
after passing through a dual wavelength wave plate 45 in
which only the 775 nm light is subject to the 90-degree
rotation of its polarization plane.

The wavelength conversion optical element 33 is a non-
linear optical crystal that generates a sum frequency light of
the 775 nm light and the 517 nm light by sum frequency
generation (SFG). After entering the wavelength conversion
element 33, the 775 nm light (the second harmonic of'the first
infrared laser light) and the 517 nm light (the third harmonic
of'the first infrared laser light), both of which are s-polarized
lights, are wavelength-converted during transmitting through
the wavelength conversion optical element 33, and then a
p-polarized first ultraviolet laser light Lv1 with a wavelength
01310 nm, namely a fifth harmonic of the first infrared laser
light, is generated. A BBO (beta-BaB,O,) crystal can suitably
be used as the wavelength conversion element 33. Because of
the beam section of the first ultraviolet laser light Lv1, emit-
ting from BBO crystals, is elliptical due to the walk-off, it is
roundly shaped by cylindrical lenses before the light is
allowed to enter the first surface of the dichroic mirror 41.

The second infrared laser light La2 with a wavelength of
1065 nm, output from the second laser light output unit 15,
enters the second surface of the dichroic mirror 41. The sec-
ond infrared laser light [.a2, which enters the dichroic mirror
41, is configured such that the ratio of the p-polarized light
component and the s-polarized light component is appropri-
ate (for example, the s-polarized component: the p-polarized
component=50:50). To realize this configuration, for
example, a linearly-polarized second infrared laser light [.a2
is output from the second fiber amplifier 22, then, the polar-
ization plane thereof'is rotated by a halt-wave plate or the like,
before it enters the dichroic mirror 41, and adjusted so that the
angle of the polarization plane thereof is to be 45 degrees to
both of the directions of the p-polarized light and the s-polar-
ized light. Alternatively, this configuration can also be real-
ized by letting a circularly polarized second infrared laser
light La2 output from the second fiber amplifier 22 enter the
dichroic mirror 42.

The dichroic mirror 41 is configured to have wavelength-
selectivity in which a light in a wavelength band in the first
ultraviolet laser light L.v1 is reflected and a light in a wave-
length band of the second infrared laser light a2 is transmit-
ted. The reflection wavelength band of the dichroic mirror 41
can be arbitrarily changed as long as it is shorter than the
wavelength of the second infrared laser light [.a2 and includes
the wavelength of the first ultraviolet laser light L.vl. For
example, the reflection wavelength band can be set below 350
nm~400 nm or so. By setting the wavelength band in such a
way, the first ultraviolet laser light [.v1 included in the light
emitted from the first wavelength conversion unit 30a and the
other component of the light with different wavelength (the
first infrared laser light, the 775 nm light, and the 517 nm
light) can be separated by the use of the dichroic mirror 41.
This will enable us to avoid the incidence of the laser light
with an unnecessary wavelength to the second wavelength
conversion optical system 306 and to avoid emitting of the
laser light with an unnecessary wavelength from the second
wavelength conversion optical element 304.
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After entering the first surface of the dichroic mirror 41, the
first ultraviolet laser light vl with a wavelength of 310 nm,
is reflected at the dichroic mirror 41, and then enter the
wavelength conversion optical element 35 of the wavelength
conversion optical system 305. In addition, after entering the
second surface of the dichroic mirror 41, the second infrared
laser light La2, which includes the p-polarized light compo-
nent and the s-polarized light component, passes through the
dichroic mirror 41 and is superposed coaxially on the first
ultraviolet laser light [Lv1, then enters the wavelength conver-
sion optical element 35 of the second wavelength conversion
optical system 3064.

The wavelength conversion optical element 35 is a non-
linear optical crystal that generates a sum frequency light of
the first ultraviolet laser light vl and the second infrared
laser light La2 by sum frequency generation (SFG). In the
present configuration example, an ADP (NH,H,PO,) crystal
is used as the wavelength conversion optical element 35. In
the case of using an ADP crystal, by maintaining the tempera-
ture of the APD crystal at 390K, a phase matching condition
is satisfied in Non-Critical Phase Matching (NCPM). Also, a
CLBO (CsLiB4O, ) crystal can suitably be used as the wave-
length conversion optical element 35.

In the wavelength conversion optical element 35, the s-po-
larized second ultraviolet laser light [.v2 with a wavelength of
240.1 nm is generated by sum frequency generation of the
p-polarized first ultraviolet laser light vl with a wavelength
of 310 nm and the p-polarized component of the second
infrared laser light L.a2 with a wavelength of 1065 nm. Here,
the effective non-linear optical constant deff of the ADP
crystal is relatively high as deff=0.72 pm/V, which makes it
efficient to generate the second ultraviolet laser light [v2.
Also, because phase matching is in the non-critical phase
matching (NCPM), it prevents a generation of walk-off.
Therefore, the second ultraviolet laser light [.v2 of excellent
beam quality can be obtained efficiently, and, the spatial
superposition of the second ultraviolet laser light [.v2 gener-
ated in the wavelength conversion optical element 35 and the
second infrared laser light a2 transmitted through the wave-
length conversion optical element 35 is maintained in an
excellent condition.

Herewith, without providing optical elements such as a
beam forming optical system and a wave plate between the
wavelength conversion optical element 35 and the wave-
length conversion optical element 36 where the wavelength
band is in the ultraviolet region, the efficient wavelength-
conversion can be done by the wavelength conversion optical
element 36 of the next stage. The s-polarized second ultra-
violet laser light [.v2 generated in the wavelength conversion
optical element 35 and the s-polarized component of the
second infrared laser light a2 transmitted through the wave-
length conversion optical element 35 enter the wavelength
conversion optical element 36.

The wavelength conversion optical element 36 is a non-
linear optical crystal that generates a sum frequency light of
the second ultraviolet laser light v2 and the second infrared
laser light La2 by sum frequency generation (SFG). In the
present configuration example, a CLBO crystal is used as the
wavelength conversion optical element 36. In the case of
using a CLBO crystal, by maintaining the temperature of the
CLBO crystal at 405K, a phase matching condition is satis-
fied in non-critical phase matching (NCPM).

In the wavelength conversion element 36, the p-polarized
deep ultraviolet laser light Lo with a wavelength of 195.9 nm
is generated by sum frequency generation of the s-polarized
second ultraviolet laser light Lv2 with a wavelength of 240.1
nm and the s-polarized component of the second infrared
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laser light [a2 with a wavelength of 1065 nm. Here, the
effective non-linear optical constant deff of the CLBO crystal
is as high as deff=1.1 pmN, which makes it efficient to gen-
erate the deep ultraviolet laser light Lo. Also, for phase
matching, the non-critical phase matching (NCPM) prevents
the generation of walk-off. Therefore, the deep ultraviolet
laser light Lo of excellent beam quality can be obtained
efficiently. Herewith, without providing a beam forming opti-
cal system in the emitting side of the wavelength conversion
optical element 36 where the wavelength band is in a deep
ultraviolet region with a wavelength below 200 nm, the deep
ultraviolet laser light Lo of excellent quality can be output.

The deep ultraviolet laser light Lo with a wavelength of
195.9 nm generated at the wavelength conversion optical
element 36, is emitted from the second wavelength conver-
sion optical system 305, then is output from the ultraviolet
laser device LS1.

In the ultraviolet laser device [L.S1, a light having mutually
orthogonal two polarization components is emitted from the
second laser light output unit 15, then one polarization com-
ponent (p-polarized component) is used for the wavelength-
conversion at the wavelength conversion optical element 35
and the other (s-polarized component) is used for the wave-
length-conversion at the wavelength conversion optical ele-
ment 36, so that the deep ultraviolet laser light Lo with a
wavelength of 195.9 nm is output. Herewith, an ultraviolet
laser device that outputs the deep ultraviolet laser light with a
wavelength below 200 nm can be provided in a simple and
reasonable configuration.

Additionally, erbium doped fiber amplifiers (EDFA) can
amplify, with comparative ease, a light with a wavelength of
1550 nm, which the light to be amplified at the first fiber
amplifier 21 has. Also, ytterbium doped fiber amplifiers
(YDFA) can amplify, with comparative ease, a light with a
wavelength of 1065 nm, which the light to be amplified at the
second fiber amplifier 22 has. Therefore, by using EDFA as
the first fiber amplifier 21 and YDFA as the second fiber
amplifier 22, the first laser light output unit 1a and the second
laser light output unit 16 can be high-powered and stable, by
which high-power and stable ultraviolet laser device is pro-
vided.

Furthermore, in the ultraviolet laser device LS1, the non-
critical phase matching at the both wavelength conversion
optical elements 35 and 36 prevent the generation of walk-off.
Therefore, an ultraviolet laser device that outputs deep ultra-
violet laser light Lo with high output efficiency and excellent
beam quality can be provided without providing a beam form-
ing optical system or the like, between the wavelength con-
version optical element 35 and the wavelength conversion
optical element 36 or in the emitting side of the wavelength
conversion optical element 36 or the like.

Obviously, in the case that a pulsed deep ultraviolet laser
light Lo is output from the ultraviolet laser device L.S1, both
the first and the second ultraviolet laser lights are set to be
temporally superposed on the second infrared laser light at
the wavelength conversion optical element 35 and 36. Spe-
cifically, the timing of generation of these pulse lights are
adjusted, or the optical paths of the routes of these two pulse
lights are adjusted so that the timing of the incidence of the
first ultraviolet laser light, originating from the pulse light
(seed light) generated at the first laser light source 11, into the
wavelength conversion optical element 35 is synchronized
with the timing of the incidence of the second infrared laser
light, originating from the pulse light (seed light) generated at
the second laser light source 12, into the wavelength conver-
sion optical element 35.

10

15

20

25

30

35

40

45

50

55

60

65

10
Configuration Example #2

Next, with reference to FIG. 3, the ultraviolet laser device
LS2 of as a second configuration example is described. The
ultraviolet laser device L.S2 as the second configuration
example is the same as the ultraviolet laser device LS1 as the
first configuration example described above, except the con-
figuration of the second laser light output unit. Namely, the
first laser light output unit 1a, the first wavelength conversion
optical system 30a (wavelength conversion optical elements
31, 32 and 33), the second wavelength conversion optical
system 305 (wavelength conversion optical elements 35 and
36) and the like are the same as the configuration described
with reference to FIG. 2. Then, to similar structural elements
in FIG. 3, the same reference symbols are appended, and
duplicated explanation is omitted. In the following, the ultra-
violet laser device LS2 as the second configuration example is
described with a focus on the second laser light output unit 1¢,
which differs from the second laser light output unit of the
first configuration example.

The second laser light output unit 1¢ is provided with a
second laser light source 12 that emits a seed light with a
wavelength of 1065 nm, a fiber-type beam splitter 23 that
divides the seed light output from the second laser light
source 12 in two, a 2-1 fiber amplifier 24 that amplifies one
divided seed light, and a 2-2 fiber amplifier 25 that amplifies
the other divided seed light.

Ytterbium doped fiber amplifier (YDFA), in which ytter-
bium (YD) is doped in the core of the amplitying optical fiber,
can suitably be used as the 2-1 fiber amplifier 24 and the 2-2
fiber amplifier 25. And, in the present configuration example,
a polarization maintaining fiber (PMF) can suitably be used
as the amplifying fiber in the fiber amplifiers 24 and 25.

The seed lights with a wavelength of 1065 nm emitted from
the second laser light source 12 are respectively amplified by
the 2-1 fiber amplifier 24 and the 2-2 fiber amplifier 25, then
a linearly-polarized, second infrared laser light La21 and a
linearly-polarized second infrared laser light [.a22 are output
from the second laser light output unit 1c.

The second infrared laser light La21 emitting from the 2-1
fiber amplifier 24 and the second infrared laser light [.a22
emitting from the 2-2 fiber amplifier 25 are adjusted to enter
the dichroic mirror 41 as a p-polarized light and an s-polar-
ized light, respectively. As a specific adjusting means, for one
example, the polarization plane of the linearly-polarized
beam emitted from each fiber amplifier is rotated by a half-
wave plate (not shown in figure). For another example, a
rotation of the exiting end of each fiber amplifier around the
optical axis is exemplified as the adjustment.

The second infrared laser light [L.a22, adjusted to be an
s-polarized light, emitted from the 2-2 fiber amplifier 25 enter
a polarization beam combiner 43. And, the second infrared
laser light [L.a21, adjusted to be a p-polarized light, emitted
from the 2-2 fiber amplifier 24 enter the polarization beam
combiner 43 by way of a mirror 42, to be coaxially super-
posed on the second infrared laser light [.a22.

The polarization beam combiner 43 is a polarization opti-
cal element (or a polarization beam splitter, in the case that the
incidence side and the emission side are reversed) that reflects
a s-polarized component of the light and transmits a p-polar-
ized component of the light in a wavelength band of 1065 nm.
Therefore, the s-polarized second infrared laser light La22
emitted from the 2-2 fiber amplifier 25, is reflected by the
polarization beam combiner 43, and then enters the dichroic
mirror 41. On the other hand, the p-polarized second infrared
laser light L.a21 emitted from the 2-1 fiber amplifier 24,
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passes through the polarization beam combiner 43, then being
coaxially superposed on the second infrared laser light [.a22,
enters the dichroic mirror 41.

As stated above, the dichroic mirror 41 is configured to
have a wavelength selectivity as it reflects a light in a wave-
length band of the first ultraviolet laser light Lv1 and passes
through a light in a wavelength band of the second infrared
laser light La2. Therefore, after entering the dichroic mirror
41, the coaxially superposed, p-polarized second infrared
laser light [L.a21 and s-polarized infrared laser light .a22 pass
through the dichroic mirror 41, then enter the wavelength
conversion optical element 35 of the second wavelength con-
version optical system 305, being coaxially superposed fur-
ther on the first ultraviolet laser light Lv1.

The subsequent process of the wavelength-conversion is
the same as the ultraviolet laser device LS1 described above.
Namely, in the wavelength conversion element 35, the s-po-
larized second ultraviolet laser light L.v2 with a wavelength of
240.1 nm is generated by sum frequency generation of the
p-polarized first ultraviolet laser light Lv1 with a wavelength
of 310 nm and the p-polarized second infrared laser light
La21 with a wavelength of 1065 nm. Here, as the effective
non-linear optical constant of the ADP crystal is relatively
high, the second ultraviolet laser light .v2 is generated effi-
ciently. Also, for phase matching, the non-critical phase
matching (NCPM) prevents the generation of walk-off.
Therefore, the second ultraviolet laser light [.v2 of excellent
beam quality can be obtained efficiently, and, the spatial
superposition of the second ultraviolet laser light [.v2 gener-
ated at the wavelength conversion optical element 35 and the
second infrared laser light L.a22 transmitted through the
wavelength conversion optical element 35 is maintained in an
excellent condition.

Herewith, without providing optical elements such as a
beam forming optical system and a wave plate between the
wavelength conversion optical element 35 and the wave-
length conversion optical element 36 where the wavelength
band is in the ultraviolet region, the efficient wavelength-
conversion can be done by the wavelength conversion optical
element 36 of the next stage. The s-polarized second ultra-
violet laser light Lv2 generated at the wavelength conversion
optical element 35 and the s-polarized second infrared laser
light [.a22 transmitted through the wavelength conversion
optical element 35 enter the wavelength conversion optical
element 36.

In the wavelength conversion element 36, the p-polarized
deep ultraviolet laser light Lo with a wavelength of 195.9 nm
is generated by sum frequency generation of the s-polarized
second ultraviolet laser light [.v2 with a wavelength of 240.1
nm and the s-polarized second infrared laser light [.a22 with
a wavelength of 1065 nm. Here, as the effective non-linear
optical constant of the CLBO crystal is high, the deep ultra-
violet laser light Lo is generated efficiently. Also, for phase
matching, the non-critical phase matching (NCPM) prevents
the generation of walk-off. Therefore, the deep ultraviolet
laser light Lo of excellent beam quality can be obtained
efficiently. Herewith, without providing a beam forming opti-
cal system in the emitting side of the wavelength conversion
optical element 36 where the wavelength band is in a deep
ultraviolet region with a wavelength below 200 nm, the deep
ultraviolet laser light Lo of excellent quality can be output.

The deep ultraviolet laser light Lo with a wavelength of
195.9 nm generated at the wavelength conversion optical
element 36, is emitted from the second wavelength conver-
sion optical system 305, then is output from the ultraviolet
laser device LS2.
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In the ultraviolet laser device L.S2, the p-polarized second
infrared laser light [.a21 and the s-polarized second infrared
laser light .a22 are amplified by the fiber amplifier 24 and 25,
respectively. Then each light, as an independent beam, is
output from the second laser light output unit 156. Therefore,
the ultraviolet laser device 1.S2 has advantageous effects
described below in addition to the effects described for the
ultravioletlaser device LS1. In the process of the wavelength-
conversion at the wavelength conversion optical element 35
and in the process of the wavelength-conversion at the wave-
length conversion optical element 36, necessary and suffi-
cient second infrared laser lights, for each process, can be
provided. Additionally, as each beam can be aligned indepen-
dently, the superposition of the first ultraviolet laser light Lvl
and the p-polarized second infrared laser light [.a21 at the
wavelength conversion optical element 35, and the superpo-
sition of the 240.1 nm light and the s-polarized second infra-
red laser light La22 at the wavelength conversion optical
element 36 can be optimally adjusted. Thus, the deep ultra-
violet laser light Lo can be output more efficiently.

Configuration Example #3

Next, with reference to FIG. 4, the ultraviolet laser device
LLS3 as a third configuration example is described. The ultra-
violet laser device L.S3 as the third configuration example is
the same as the ultraviolet laser device LS1 as the first con-
figuration example and the ultraviolet laser device L.S2 of the
second configuration example described above, except the
configuration of the second laser light output unit. Further, the
ultraviolet laser device LS3 is the same as the ultraviolet laser
device L.S2 as the second configuration example, except the
second laser light output unit comprising two laser sources.
Then, to similar structural elements in FIG. 4, the same ref-
erence symbols are appended, and duplicated explanation is
omitted. In the following, the ultraviolet laser device L.S3 as
the third configuration example is described briefly with a
focus on the second laser light output unit 14.

The second laser light output unit 1d is configured to be
provided with a 2-1 laser light source 14 that emits a seed light
with a wavelength of 1065 nm, a 2-1 fiber amplifier 24 that
amplifies the seed light output from the 2-1 laser source 14, a
2-2 laser source 15 that emits a seed light with a wavelength
0f'1065 nm, and a 2-2 fiber amplifier 25 that amplifies the seed
light output from the 2-2 laser source 15.

Both of the 2-1 laser source 14 and the 2-2 laser source 15
are light sources emitting a seed light with a wavelength of
1065 nm, for which DFB semiconductor lasers with a oscil-
lation wavelength of around 1065 nm can suitably be used.

Ytterbium doped fiber amplifiers (YDFA) can suitably be
used as the 2-1 fiber amplifier and the 2-2 fiber amplifier. And,
polarization maintaining fiber (PMF) can suitably be used as
amplifying fibers in the fiber amplifiers 24 and 25.

The seed light emitted from the 2-1 laser source 14 is
amplified by the 2-1 fiber amplifier 24, and the seed light
emitted from the 2-2 laser light source 15 is amplified by the
2-2 fiber amplifier 25, then these two linearly-polarized sec-
ond infrared laser lights La21 and [.a22 are output from the
laser light output unit 14. Namely, the second laser light
output unit 14 of the present configuration example is pro-
vided with two sets of combination of the laser light source
that emits the linearly-polarized second infrared laser light
with a wavelength of 1065 nm and the fiber amplifier. Also, at
least one of these sets of the combination of the laser light
source and the fiber amplifier may be provided with a fiber
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laser (a Yb fiber laser) in which resonators are embedded in
the incident end and the exiting end of it, without providing a
light source.

The second infrared laser light .a21 emitting from the 2-1
fiber amplifier 24, and the second infrared laser light [.a22
emitting from the 2-2 fiber amplifier 25 are adjusted to enter
the dichroic mirror 41 as a p-polarized light and an s-polar-
ized light, respectively. A specific means for the adjustment is
the same as described above for the ultraviolet laser device
LS2 as the second configuration example. The second infra-
red laser light La22 emitted from the 2-2 fiber amplifier 25
and adjusted to be an s-polarized light, enters the polarization
beam combiner 43, while the second infrared laser light [.a21
emitted from the 2-1 fiber amplifier 24 and adjusted to be a
p-polarized light, by way of the mirror 42, enters the polar-
ization beam combiner 43, being coaxially superposed on the
polarized beam combiner 43.

As stated above, the polarization beam combiner 43 is a
polarization optical element that reflects an s-polarized com-
ponent of the light and transmits a p-polarized component of
the light in a wavelength band of 1065 nm. Therefore, the
s-polarized second infrared laser light [.a22 emitted from the
2-2 fiber amplifier 25, is reflected by the polarization beam
combiner 43, and then enters the dichroic mirror 41. On the
other hand, the p-polarized second infrared laser light L.a21
emitted from the 2-1 fiber amplifier 24, passes through the
polarization beam combiner 43, and then being coaxially
superposed on the second infrared laser light L.a22, enters the
dichroic mirror 41.

The subsequent process of the wavelength-conversion by
the wavelength conversion optical elements 35 and 36 are the
same as the ultraviolet laser device LS1 and the ultraviolet
laser device LS2 described above.

In the ultraviolet laser device 1.S3, the p-polarized second
infrared laser light [.a21 and the s-polarized second infrared
laser light [.a22 are amplified and generated by each set of the
laser source and the fiber amplifier, they can be operated
independently, and each of the light, as an independent
beams, are respectively output from the second laser light
output unit 1d4. Therefore, the ultraviolet laser device .S3 has
the same advantageous effects as that of the ultraviolet laser
device LS2. In addition, in the ultraviolet laser device LS3, as
the 2-1 laser light source 14 which is a seed light source of the
p-polarized second infrared laser light [.a21, and the 2-2 laser
source 15 which is a seed light source of the s-polarized
second infrared laser light [.a22, are provided individually,
the timing of the generation of these second infrared laser
lights [.a21 and La22 can be adjusted flexibly. Thus, even in
the case that the spatial pulse length of the first ultraviolet
laser light L.vl, the second infrared laser lights [.a21 and [.a22
or the like at the wavelength conversion optical elements 35
and 36, is as short as several millimeters for example, the deep
ultraviolet laser light Lo is output efficiently with a proper
superposition of these lights.

In the configuration examples of #1~#3 described above, a
specific configurations are exemplified in which the wave-
length of the first infrared laser light Lal output from the first
laser light output unit 1a is set at 1550 nm, the wavelengths of
the second infrared laser lights La2, [.a21 and La22 output
from the second laser light output unit 15 are set at 1065 nm,
and the deep ultraviolet laser light Lo output from the wave-
length conversion unit 3 is set at 195.9 nm. However, the
present invention is not restricted by the specific examples;
the wavelength of the first infrared laser light, the wavelength
of'the second infrared laser light, the wavelength of the deep
ultraviolet laser light, the configurations of the first wave-
length conversion optical system 30qa and the second wave-
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length conversion optical system 304 or the like can be appro-
priately changed as long as walk-off is not generated, or even
if generated, the walkoff angle is smaller than 20 mrad or so
and its effect is substantially small, at the wavelength conver-
sion optical element 35 of the second wavelength conversion
optical system 305. If walk-oft at the wavelength conversion
optical element 35 is small enough, it is not necessary to
provide a beam forming optical system between the wave-
length conversion optical elements 35 and 36, and then the
present invention still has the advantageous effect of efficient
output of the deep ultraviolet laser light Lo.

The ultraviolet laser devices LS (L.S1~L.S3) described
above are an easily-handled, small and lightweight devices
with simple configurations, and they can suitably be used for
the system such as optical processing devices like exposure
devices or optical shaping apparatuses, inspection devices for
aphotomask or a wafer, observation devices like microscopes
or telescopes, measurement devices like length measurement
instruments or shape measurement instruments and optical
therapy devices.

An exposure device used in a lithography process of manu-
facturing semiconductor devices, liquid crystal panels or the
like is described with reference to FIG. 5 showing the sche-
matic configuration, as the first application example. The
exposure device 100 optically projects a pattern drawn pre-
cisely ona photomask 113 made of silica glass on an exposure
object 115 such as a semiconductor wafer or a glass substrate
coated with a photoresist, that is the same as photoengraving
in principle.

The exposure device 100 is configured to be provided with
the ultraviolet laser device LS described above, an illumina-
tion optical system 102, a mask supporting base 103 that
holds the photomask 113, a projection optical system 104, an
exposure object supporting table 105 that holds the exposure
object 115 and a driving mechanism 106 which moves the
exposure object supporting table 105 in a horizontal plane.
The illumination optical system 102 comprising a plurality of
lens groups illuminates the photo mask 113 held on the mask
supporting base 103 with the deep ultraviolet laser light out-
put from the ultraviolet laser device LS. The projection opti-
cal system 104 comprising a plurality of lens groups projects
the light passed through the photomask 113 on the exposure
object 115 on the exposure object supporting table.

In such configuration of the exposure device 100, the deep
ultraviolet laser light output from the ultraviolet laser device
LS is input to the illumination optical system 102, and then
the photomask 113 held on the mask supporting base 103 is
exposed to the deep ultraviolet laser light adjusted to the
predetermined light flux. A pattern image formed on the
photomask 113 is focused on the predetermined position of
the exposure object 115 held on the exposure object support-
ing table 105 through the projection optical system 104. Thus,
the pattern image on the photomask 113 is projected onto the
exposure object 115 such as a semiconductor wafer or a glass
substrate for liquid crystal panel at a predetermined magnifi-
cation.

The exposure device 100 described above is provided with
the ultraviolet laser device LS in a relatively simple configu-
ration which can output a high-power, deep ultraviolet laser
light Lo ofhigh beam quality, and is expected to contribute to
improvement of the throughput and the machining quality of
the lithography process.

An inspection device used in an inspection process of a
photomask, a liquid crystal panel, a wafer, or the like (to be
inspected) is described with reference to FIG. 6 showing the
schematic configuration, as the second application example.
The inspection device 200 can suitably be used for inspection
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of'the precise pattern formed on an object 213 having optical
transparency such as a photomask.

The inspection device 200 is configured to be provided
with the ultraviolet laser device LS described above, an illu-
mination optical system 202, an object supporting base 203
that holds the object 213, a projection optical system 204, a
TDI (Time Delay Integration) sensor 215 that detects a light
from the object 213, and a driving mechanism 206 which
moves the object supporting base 203 in a horizontal plane.
The illumination optical system 102 comprising a plurality of
lens groups illuminates the object 213 held on the object
supporting base 203 with the deep ultraviolet laser light out-
put from the ultraviolet laser device LS. The projection opti-
cal system 204 comprising a plurality of lens groups projects
the light transmitted through the object 213 to the TDI sensor
215.

Insuch configuration of the inspection device 200, the deep
ultraviolet laser light output from the ultraviolet laser device
LS is input to the illumination optical system 202, and then
the object 213 such as a photomask held on the object sup-
porting base 203 is exposed to the deep ultraviolet laser light
adjusted to the predetermined light flux. A light from the
object 213 (transmitted light in the configuration example)
having a pattern image on the object 213 is projected and
formed on the TDI sensor 215 through the projection optical
system 204. At this time, the horizontal moving speed on the
object supporting base 203 by the driving mechanism 206 and
the transfer clock of the TDI sensor 215 are controlled in
synchronization.

The pattern of the image on the object 213 is detected by
the TDI sensor 215 and is compared with a predetermined
reference image, thereby, in the case any defects exist on the
pattern formed on the object, the defect can be extracted. In
the case the object such as a wafer does not have the optical
transparency, the reflected light from the object which enters
the projection optical system 204 is guided to the TDI sensor
215 to realize a similar configuration.

The inspection device 200 described above is provided
with the ultraviolet laser device LS with a relatively simple
configuration which can output a high-power, deep ultraviolet
laser light Lo of high beam quality, and is expected to con-
tribute to improvement of the accuracy of an inspection and
the shortening of an inspection time in the inspection process.

While various embodiments and variant examples have
been explained in the above description, the present invention
should not be considered as being limited by the details
thereof. The scope ofthe invention includes the other embodi-
ments within the scope of the technical ideas of the present
invention.

The disclosures ofthe following priority patent application
is hereby incorporated by reference:

Japanese Patent Application No. 2012-048210 (filed on
Mar. 5, 2012).

The invention claimed is:

1. An ultraviolet laser device, comprising:

afirstlaser light output unit that outputs a first infrared laser
light with a first wavelength within a wavelength band of
1520 to 1580 nm;

a second laser light output unit that outputs a second infra-
red laser light with a second wavelength within a wave-
length band of 1020 to 1100 nm;

afirst wavelength conversion optical system that includes a
plurality of wavelength conversion optical elements and
generates a first ultraviolet laser light which is a fifth
harmonic with a wavelength of V5 of the first wavelength
of the first infrared laser light by sequentially wave-
length converting, by the plurality of wavelength con-
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version optical elements, the first infrared laser light
output from the first laser light output unit; and

a second wavelength conversion optical system to which

the first ultraviolet laser light generated by the first wave-
length conversion optical system and the second infrared
laser light with the second wavelength output from the
second laser light output unit enter,

wherein the second wavelength conversion optical system

comprises a first wavelength conversion optical element
that generates a second ultraviolet laser light by sum
frequency generation of the first ultraviolet laser light
and the second infrared laser light with the second wave-
length, and a second wavelength conversion optical ele-
ment that generates a deep ultraviolet laser light with a
wavelength equal to or less than 200 nm by sum fre-
quency generation of the second ultraviolet laser light
and the second infrared laser light with the second wave-
length.

2. The ultraviolet laser device according to claim 1,
wherein:

the second infrared laser light with the second wavelength

output from the second laser light output unit includes a
first polarization component and a second polarization
component, wherein a plane of polarization of the first
polarization component and a plane of polarization of
the second polarization component are mutually
orthogonal;

the first wavelength conversion optical element generates

the second ultraviolet laser light by sum frequency gen-
eration of the first ultraviolet laser light and the first
polarization component of the second infrared laser light
with the second wavelength; and

the second wavelength conversion optical element gener-

ates the deep ultraviolet laser light by sum frequency
generation of the second ultraviolet laser light and the
second polarization component of the second infrared
laser light with the second wavelength.

3. The ultraviolet laser device according to claim 1,
wherein the first wavelength conversion optical element is an
ADRP crystal.

4. The ultraviolet laser device according to claim 1,
wherein phase matching at the first wavelength conversion
optical element is non-critical phase matching.

5. The ultraviolet laser device according to claim 1,
wherein the second wavelength conversion optical element is
a CLBO crystal.

6. The ultraviolet laser device according to claim 1,
wherein phase matching at the second wavelength conversion
optical element is non-critical phase matching.

7. The ultraviolet laser device according to claim 1,
wherein the first laser light output unit comprises an erbium
doped fiber amplifier.

8. The ultraviolet laser device according to claim 1,
wherein the second laser light output unit comprises an ytter-
bium doped fiber amplifier.

9. The ultraviolet laser device according to claim 2,
wherein:

the second laser light output unit further comprises a laser

light source that emits a seed light with the second wave-
length within the wavelength band of 1020 to 1100 nm
and a fiber amplifier that amplifies the seed light emitted
from the laser light source; and

a light with the second wavelength emitted from the fiber

amplifier becomes the second infrared laser light includ-
ing the first polarization component and the second
polarization component, and then is output from the
second laser light output unit.
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10. The ultraviolet laser device according to claim 2,

wherein:

the second laser light output unit further comprises a laser
light source that emits a seed light with the second wave-
length within the wavelength band of 1020 to 1100 nm,
a first fiber amplifier that amplifies the seed light emitted
from the laser light source, and a second fiber amplifier
that amplifies the seed light emitted from the laser light
source; and

a light with the second wavelength emitted from the first
fiber amplifier becomes the second infrared laser light
including the first polarization component and is output
from the second laser light output unit; and

alight with the second wavelength emitted from the second
fiber amplifier becomes the second infrared laser light
including the second polarization component and is out-
put from the second laser light output unit.

11. The ultraviolet laser device according to claim 2,

wherein:

the second laser light output unit further comprises a first
laser light source that emits a first seed light with the
second wavelength within the wavelength band of 1020
to 1100 nm, a first fiber amplifier that amplifies the first
seed light emitted from the first laser light source, a
second laser light source that emits a second seed light
with the second wavelength within the wavelength band
of 1020 to 1100 nm, and a second fiber amplifier that
amplifies the second seed light emitted from the second
laser light source;

a light with the second wavelength emitted from the first
fiber amplifier becomes the second infrared laser light
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including the first polarization component and is output
from the second laser light output unit; and

alight with the second wavelength emitted from the second
fiber amplifier becomes the second infrared laser light
including the second polarization component and is out-
put from the second laser light output unit.

12. An exposure device comprising:

the ultraviolet laser device according to claim 1;

a photomask supporting unit that holds a photomask on
which a predetermined exposure pattern is formed;

an exposure object supporting unit that holds an exposure
object;

an illumination optical system that illuminates the photo-
mask held by the photomask supporting unit with the
deep ultraviolet laser light output from the ultraviolet
laser device; and

aprojection optical system that projects a light transmitted
through the photomask to the exposure object held by
the exposure object supporting unit.

13. An inspection device comprising:

the ultraviolet laser device according to claim 1;

an object supporting unit that holds an object to be
inspected;

an illumination optical system that illuminates the object
held by the object supporting unit with the deep ultra-
violet laser light output from the ultraviolet laser device;
and

a projection optical system that projects a light from the
object to a detector.
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